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(54) Copolymers of polyether semiesters of maleic acid 

(57) A random copolymer in free acid or salt form having the following types and numbers of monomer units; 
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wherein A is 

-CR 1 R 2 - CR3R4 - (i) 

wherein R 1 and R 3 are selected from substituted benzene, Chalky!, Cj^alkenyl, C^alkylcarbonyl, C 1 _ 8 alkoxy, 
carboxyl and hydrogen, or R-t and/or R 3 can together with R 2 and/or R 4 form a ring; and R 1 and R 4 are selected 
from hydrogen and C^alkyl; 
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wherein R-j and R 3 are as for (i) and R 7 , R 9 and R 10 are individually selected from hydrogen and Chalky], or 
R-i and/or R 3 together with R7 and/or R 8 , R 9 and R 10 form a ring optionally comprising at least one hetero atom 
and at least one anionic group, preferably sulphonic; M is selected from hydrogen and the residue of a 
hydrophobic polyalkylene glycol or a polysiloxane, with the proviso that when A is (ii) and M is the residue of 
a hydrophobic polyalkylene glycol, M must be different from the group -(RsO^Re,* R 5 is a (^alkylene radical; 
R 6 is selected from Ci. 2 o ai Cs.gcycloalkyI and phenyl; n, x and z are numbers from 1 to 100; y is 0 to 100; m 
is 2 to 100; and the ratio of xto (y + z) if from 1:10 to 10:1 and the ratio of y:z is from 5:1 to 1:100. 

The copolymers are useful as fluidifying agents in cementitious compositions such as concrete and 
mortar. 
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ADDITION POLYMER 



This invention relates to novel copolymers which are useful as admixtures for cementitious 
mixes. 

The invention provides a random copolymer corresponding to Formula I in free acid or salt 
form having the following types and numbers of monomer units; 
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wherein A is selected from the moities (i) and (ii) 



- CRjR.2 ■ CR3R4 



(i) 



wherein R, and R 3 are selected from substituted benzene, C M alkyl, C^alkenyl, 
alkylcarbonyl, C^alkoxy, carboxyl and hydrogen, or R, and R 3 can together with R 2 and/or 
R, form a ring; and R 2 and R 4 are selected from hydrogen and C M alkyl; 



and 
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^ / (ii) 

— CRjR, CR3Rg 



wherein R, and R 3 are as for (i) and R 7 , Rg, R, and R 10 are individually selected from 
hydrogen and C M alkyl, or R, and R 3 together with R 7 and/or R 8 , R, and R 10 form a 
continuous hydrocarbon chain joining the carbon atoms to which they are attached, the 
5 hydrocarbon chain optionally comprising at least one hetero atom and the ring optionally 
having at least one anionic group, preferably sulphonic; 

M is selected from hydrogen and the residue of a hydrophobic polyalkylene glycol or a 
polysiloxane, with the proviso that when A is (ii) and M is the residue of a hydrophobic 
polyalkylene glycol, M must be different from the group -(RjO)^ 

i 

10 R5 is a C^alkylene radical; 

! 
I 

Re is selected from C^alkyl, C^cycloalkyl and phenyl; 

n, x and z are numbers from 1 to 100; 
y is 0 to 100; 
m is 2 to 100; and 

15 the ratio of x to (y + z) is from 1:10 to 10:1 and the ratio of y:z is from 5:1 to 1:100. 
In a preferred embodiment of the invention, when A is (i), 
Rj, R$, y and z have the values hereinabove defined; 
R 3 and R 2 are hydrogen; 
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Rj and R 4 are selected from hydrogen and C M alkyl; 

M is selected from residues of a hydrophobic polyalkylene glycol which is different to the 
group -(RsC^nRe and a polysiloxane; 

n and x are 1-100; and 

5 the ratio of x to (y+z) is from 1:3-3:1; more preferably from 1:1 to 2:1. 

In a further preferred embodiment of the invention, when A is (ii), R, and R 3 are selected 
from hydrogen, CMalkyl and C^alkoxy, R 7 , R 8 , R, and R,„ have the values hereinabove 
defined and the ratio of x to (y + z) is from 1:3-3:1. 

It is possible and often desirable to incorporate more than one type of monomer unit (i) 
10 or (ii) into the copolymer. The preparation of such copolymers is well within the skill of 
the art. 

The copolymers of this invention preferably have an average molecular weight from! 5,000 
to 100,000, more preferably from 8,000 to 30,000. In addition, there is preferably ah even 
distribution of maleic acid half ester units and other monomer units, i.e. the ratio of x to 
1 5 (y+z) most preferably 1:1. 

In formula I, any alkyl or alkylene groups may be linear or branched and each radical R 5 , 
independently, is preferably a alkylene group, most preferably each R 5 is the same and 
is ethylene. Each R 6 independently, is preferably C,. 2 alkyl, more preferably all groups R 6 
are methyl, m preferably is a number from 7 to 20, most preferably 10-15. 

20 Where monomer units comprising groups COOM are present, M is preferably the residue 
of a copolymer consisting of units derived from ethylene oxide and propylene oxide or the 
residue of a polysiloxane consisting of di-C M alkylsiloxane units. The ethyleneoxide/ 
propylene oxide copolymers may be represented by formula II 
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R n -0-(CH 2 CH 2 0) p -(CH-CH 2 OV(CH 2 CH 2 0) f -H (H) 
CH 3 

in which R„ is hydrogen or has, independently, the same meaning as Re above, and p, q 
and r are numbers from 0 to 100 with the provisos that at least one of p, q, and r is at 
least 1, and that q > p+r. Preferred polysiloxanes correspond to formula m 



R s O- 



CH 3 
i-O- 



CH 3 



H 



(m) 



in which R, is as in (ii) and q is a number from 1 to 100, preferably from 8-100. 

Alternatively, M is the residue of a polypropylene glycol having from 10 to 200 units 
10 derived from propylene oxide. 



In order to have the necessary molecular weight, the copolymers of the invention contain 
at least 12, preferably from 18 to 40 units of formula I, i.e. n is preferably a number from 
18 to 40. This means that the sum of m+n preferably is a number from 25 to 60. The 
15 acid groups of the copolymers of formula I may be in free acid or salt form. These salts 
may be alkali, alkaline earth, ferrous, aluminium, (alkanol)ammonium or (alkyl)ammonium 
salts. Preferably these copolymers are in the form of alkali metal salts, particularly sodium 
salts. 



20 



Organic copolymers according to formula I may be produced by methods well known in 
the art. For example, a copolymer in which A is (i) may be prepared by reacting a random 
copolymer of the following composition 
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with a compound of formula IV 

IVCM-Rs-OVH CIV) 

as well as with compounds of formula II or m in the appropriate amounts when it is 
desired that M should be other than hydrogen, and optionally reacting the resulting 

5 copolymer with an alkali or alkaline earth base, with ferrous or aluminium salts or with 
ammonia, an (alkanol)amino or an (alkyl)amino compound. A copolymer in which A is (ii) 
may be produced by methods well known in the art for example, by including a diene in 
the monomer mixture. Depending on the amounts used, the reaction of the maleic acid 
anhydride groups in the copolymer I with compounds of formula H or m and formula IV 

10 may be substantially complete, or there may remain in the final polymer a number of 
anhydride groups which will form dicarboxylic acid groups in aqueous solution. A 100% 
transformation which theoretically can be obtained with equimolar amounts of the reactants 
will, of course, never be achieved. Preferably almost all units of maleic anhydride in the 
copolymer are transformed into half-ester units, which can be measured by determination 

15 of the acid number of the obtained copolymer. 

Copolymers of the type described hereinabove are obtained by copolymerization of desired 
monomer and maleic acid anhydride. Polymers of this general type are well known and 
are described for example in C.E. Schildknecht, "Vinyl and Related Polymers" John Wiley 
and Sons, Inc., New York, 1952. 



20 Preferred examples of comonomers which may be copolymerised with maleic anhydride 
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to give a random copolymer of the type hereinabove descirbed include 

- allyl monomers, for example, allyl acetate, allyl benzene, 2-allyl phenol, 3-allyl 
cyclopentane, allyl alcohol and derivatives, allyl ethers, allyl lactones and allyl 
polyglycol ethers; 

5 - vinyl alkyl monomers, for example, methyl, ethyl and butyl(alkyl) vinylether, 1,2- 
dimethoxyethylene, benzyl and phenyl vinyl ether, vinyl alkylthioethers and N- 
carbazolylethyl vinyl ether; 

- vinyl esters, for example, vinyl acetate and isopropenyl acetate; 

- cycUc ethers, for example, p-dioxene, 2,3-dihydropyran, furan, alkyl furan, 2,3- 
10 dihydrofuran, benzofuran, thiophene and 4-methyl-l,3-dioxolane; 

- divinyl monomers, for example, divinyl ether, cls-propenyl vinyl ether, cjs-dipropenyl 
ether, divinyl sulphone and divinyl dimethylsilane; 

- defines, for example, all C,. lg olefins, whether linear, branched or cyclic; and 

- conjugated dienes, for example, butadiene, isoprene, norbomene, 1,3-pentadiene, 1,3- 
15 cyclopentadiene, 2,4-hexadiene and 2,4-cyclohexadiene. 

Alternatively, the copolymers may be prepared by polymerising monomers which have the 
desired groups already present. This method is generally less satisfactory than the initial 
preparation and subsequent modification of a copolymer with anhydride rings. 

Polyalkylene glycols of formula n or IV are well-known compounds and may be obtained 
20 by addition of alkylene oxides, especially ethylene oxide and propylene oxide, to alkyl- or 
cycloalkylalcohols or phenols, or by polyaddition of the alkylene oxides. 

The polysiloxanes of formula m are also well-known compounds and may be obtained, for 
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ample, by the polycondensation of dichlorodimethylsilane with chlorotrimethylsilane and 



ex; 
water. 



The copolymers according to formula I are excellent surfactants and may be used to 
disperee organic and inorganic materials. In particular, they may be used as additives for 
5 cementitious mixes. 

Cementitious mixes, in which the organic copolymers of the invention may be used as 
additives, arc mortals, grouts and concretes. The hydraulic binder may be Portland cement, 
alumina cement or blended cement, for example, pozzolanic cement, slag cement or other 
types, Portland cement being preferred. 

10 The copolymers of the invention are added in amounts of from 0.01 to 10%, preferably 
from 0.1 to 3% by weight based on the weight of the cement. In such amounts, the 
organic copolymers of the invention have the property of fluidifying the cementitious mixes 
to which they have been added and are therefore excellent superplasticizers. They have 
the additional advantage of having a degree of air entraining properties which is lower 

15 than those of similar copolymers. The invention therefore provides a cementitious 
composition fluidifying agent comprising a copolymer as hereinabove described. The 
invention further provides a cementitious composition comprising a copolymer as 
hereinabove described. The invention further provides a method of fluidifying a 
cementitious composition comprising the incorporation therein of a copolymer as 

20 hereinabove described. 

Further admixtures conventional in cement technology, for example, set accelerators or 
retarders, frost protection agents, pigments, etc. may also be present in the cementitious 
mixes of the invention. 



The following examples, in which all parts, ratios and percentages are by weight and all 
25 temperatures are expressed in degrees Centigrade, illustrate the invention. In all examples, 
the polyethylene glycol (polyglycol) of molecular weight 500 is polyethylene glycol) 
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monomethyl ether - suitable commercially-available materials include M 500 (Hoechst) and 
MPEG 500 (Dow). 



Example 1 

(a) Preparation of polymer 

5 49 parts of maleic anhydride is dissolved in 100 parts of toluene. This solution is raised 
to 90°C and a mixture of 36 parts ethyl vinyl ether, 2 parts azodiisobutyronitrile (AIBN) 
initiator and 2 parts dodecyl mercaptan are added over a period of 60 minutes. 230 parts 
of polyethylene glycol) of molecular weight 500 is then added, the temperature is 
increased to 140°C and solvent is removed. After 3 hours, the mixture is cooled to 80°C 

10 and it is diluted with water and neutralized with 60 parts of 30% sodium hydroxide 
solution. 

(b) Addition to cement 

0.3% by weight of cement of the polymer solids hereinabove prepared is dissolved in 35 
parts water and the solution is added to 100 parts Portland cement and 300 parts of DIN 
15 standard sand. The resulting mixture is mixed according to DIN EN 196 Part 1 after which 
the flow is determined according to DIN 18555. The flow is 24cm. A cementitious 
composition prepared as described but without the polymer has a flow of 13cm. 



Example 2 

Example 1 is repeated with a molar equivalent quantity of the following monomers 
20 substituted for the ethyl vinyl ether. 

(a) butyl vinyl ether, 

(b) polyethylene glycol)allyl ether, 

(c) 1 -methyl propene. 



The resulting polymers are added to cement as described in Example 1 and they give 
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excellent flow. 
Example 3 

(a) Preparation of polymer 

49 parts of maleic anhydride is dissolved in 150 parts of methyl isobutyl ketone and the 
5 temperature is raised to 80°C. A mixture of 36 parts furan and 2 parts benzoyl peroxide 
is then added over a period of 60 minutes. The solvent is removed by distillation and the 
product vacuum-dried. 

200 parts of polyethylene glycol) of molecular weight 500 is mixed with the dried product 
and the mixture heated to 140°C and maintained at that temperature for 3 hours. The 
10 temperature is then reduced to 80°C and the product is diluted with 300 parts of water and 
neutralized with 60 parts 30% sodium hydroxide solution. 

(b) Use in cement 

i . 

0.3% solids by weight of cement of the polymer hereinabove prepared is dissolved in 35 
parts water and the solution is added to 100 parts Portland cement and 300 parts DIN 
15 standard sand. The resulting mixure is mixed according to DIN EN 196 Part 1 after which 
the flow is determined as a function of time according to DIN 18555. The flow is 22 cm. 
An identical composition lacking the copolymer has a flow of 13 cm. 

Example 4 

Example 3 is repeated, substituting a molar equivalent quantity of thiophene for the furan. 
20 A cement composition including the resulting polymer, prepared as described in Example 
1(b), has a good flow. 
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Example 5 



60 parts of allyl acetate is mixed with 50 parts of maleic acid in 200 parts of benzene. A 
solution of 5 parts of benzoyl peroxide (5%) in 50 parts of benzene is added very slowly 
to the heated solution (60°C). After 6 hours reaction time, the solvent is removed and the 
solid is dispersed in 200 parts of polyglycol (molecular weight 500). After heating up to 
140°C, there remains a viscous liquid which is soluble in water. The liquid is diluted with 
water to 20% weight solids and the pH is adjusted to about 7 with 55 parts of sodium 
hydroxide. The molecular weight is about 40,000 



Example 6 

10 50 parts of 2,3-dihydropyrane is mixed in chloroform with 50 parts of maleic anhydride. 
2.5 parts (2.5%) of benzoyl peroxide is added to the mix and the solution is heated on a 
water bath up to 60°C. After eight hours, 250 parts of polyglycol (molecular weight 500) 
is added to the solution and the temperature is raised to BOX. After the distillation of the 
solvent (2 hours) the mix is poured into sufficient water to give a 20% weight solution and 

15 the pH is adjusted to approx. 7 with 58 parts of sodium hydroxide. 

Example 7 

50 parts of maleic acid is dissolved in 300 parts of toluene and heated up to 120°C. 
Butadiene is bubbled through the solution and 5 parts of AIBN in 20 parts toluene is 
added very slowly to the mix (over 1 hour). Three hours later, 200 parts of polyglycol 
20 (molecular weight 500) is added to the mixture and the solvent is evaporated. The mixture 
is mixed with 200 parts of water and neutralized with 55 parts of sodium hydroxide. 



Example 8 



50 parts of isoprene and 50 parts of maleic anhydride are mixed in 400 parts of 
cyclohexanone with 2 parts of t-butyl peroxypivalate and the mixture held at 80°C for 5 
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hours. 200 parts of polyglycol (molecular weight 500) is then added and the mixture is then 
heated up to 130°C. After 4 hours, the solvent is removed under reduced pressure. Water 
and sodium hydroxide are added to adjust the pH to 7. 

Example 9 

5 50 parts of 1,3-cyclooctadiene and 50 parts of maleic anhydride are dissolved in acetic 
anhydride with 2.5 parts of AffiN and are heated to 50°C for 24 hours. 300 parts of 
polyglycol is then added to the mix and the solvent is removed at reduced pressure. The 
mix is heated up to 130°C for 2 hours and then diluted in water to 20% weight solution 
and pH is brought to approx. 7 with 75 parts of sodium hydroxide. 



i 
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Claims 



1. A random copolymer corresponding to Formula I in free acid or salt form having the 
following types and numbers of monomer units; 
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wherein A is selected from the moities (i) and (ii); 

- CRjR 2 - CR 3 R 4 - 0) 

wherein R, and R 3 are selected from substituted benzene, C M alkyl, C^alkenyl, C^ 
alkylcarbonyl, C^alkoxy, carboxyl and hydrogen, or R, and R 3 can together with R 2 and/or 
R 4 form a ring; and R 2 and R 4 are selected from hydrogen and C w alkyl; 



and 



(ii) 



10 



wherein R, and R 3 are as for (i) and R 7 , R 8 , R, and R, 0 are individually selected from 
hydrogen and Cwalkyl, or R t and R 3 together with R 7 and/or Rg, R, and R 10 form a 
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continuous hydrocarbon chain joining the carbon atoms to which they arc attached, the 
hydrocarbon chain optionally comprising at least one hetero atom and the ring optionally 
having at least one anionic group, preferably sulphonic; 

M is selected from hydrogen and the residue of a hydrophobic polyaikylene glycol or a 
5 polysiloxane, with the proviso that when A is (ii) and M is the residue of a hydrophobic 
polyaikylene glycol, M must be different from the group -(RsO)^ 
Rj is a C^alkylene radical; 

R<. is selected from C,.*, alkyl, C^cycloalkyl and phenyl; 
n, x and z are numbers from 1 to 100; 
10 y is 0 to 100; 

m is 2 to 100; and 

the ratio of x to (y + z) is from 1:10 to 10:1 and the ratio of y:z is from 5:1 to 1:100. 

2. A copolymer according to claim 1, wherein 

A is (i), 

15 R5. R* y and z have the values according to claim 1, 

R 3 and R 2 are hydrogen, 

R, and R4 are selected from hydrogen and C M alkyl, j 
M is selected from residues of a hydrophobic polyaikylene glycol which is 
different to the group -(RjO)^ and a polysiloxane, 
20 n and x are 1-100, 

and the ratio of x to (y+z) is from 1:3-3:1; more preferably from 1:1 to 2:1. 

3. A copolymer according to claim 1, wherein 

A is (ii), 

R 7 , R 8 > R« 311(1 R io nave me values 25 m claim 
25 R, and R 3 are selected from hydrogen, C M alkyl and C M alkoxy, 

and the ratio of x to (y+z) is from 1:3-3:1 



4. A cementitious composition fluidifying agent comprising a copolymer according 
claim 1. 
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5. A cementitious composition comprising a copolymer according to claim 1. 



6. A method of fluidifying a cementitious composition comprising the incorporation 
therein of a copolymer according to claim 1. 
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